macrophages (TAM) in TME could differentiate into various subtypes, such as M1 type and M2 type. It has been reported that IFN-γ, LPS, and Toll-like receptor agonist could induce the macrophages into M1 type.
M1 macrophage could secrete pro-inflammatory factors, such as IL-6, IL-1, IL-12, and TNF-α, which mediated the inflammation response and anti-tumor immunity. While M2 macrophage showed anti-inflammatory and tumor promoting roles. 3 Protein kinase C zeta (PKCζ) belongs to the PKC family, and regulats various biological processes. For example, PKCζ is a therapeutic target of inflammation disorders in chronic cutaneous wounds. 4 miR-25-5p suppresses the expression of PKCζ and inhibits cell proliferation of colorectal cancer. 5 It has been identified that, PKCζ is a tumor suppressor gene, which could prevent cell growth, invasion, and migration of PCa; in addition, in the microenvironment of PCa,
PKCζ suppresses the polarization of macrophage to M2. suppressed cell metastasis of PCa by targeting CD44. 7 MiR-21
promoted cancer cell apoptosis resistance and invasion in PCa by targeting MARCKS. 8 MiR-148a has been identified in many cancers, such as gastrointestinal cancer, 9 colorectal cancer, 10 gastric cancer, 11 as well as PCa. 12 It has been found that miR-148a was overexpressed in PCa. 13 However, whether miR-148a plays an role in PCa, which mediated by PKCζ, was still unclear.
Long non-coding RNA (lncRNA) is a class of RNA with the length of more than 200 nucleotides, and without of protein coding capacity.
Various studies has reported that lncRNA plays an important role in regulating gene function, pathological processes, and oncogenic progression. LncRNA colon cancer-associated transcript-1 (CCAT1) is a well known transcription factor, 14 and aberrantly expressed in human cancers, such as gastric cancer, 15 multiple myeloma, 16 breast cancer. 17 The previous study has reported that lncRNA CCAT1/miR148a promoted cell proliferation and migration of osteosarcoma by regulating PIK3IP1. 18 While the role of CCAT1 in PCa is still unclear.
In the present study, we explored the potential role of lncRNA CCAT1/ miR-148a and PKCζ in the macrophage polarization in cancer microenvironment, which provided great help for the clinical therapy of PCa. 
| Real-time PCR
Total RNA was isolated from cells using Trizol Reagent (Invitrogen, Shanghai, China). The RNA quality was detected using a Nanodrop2000 (Thermo Scientific, Waltham, America). The RNA was used to reverse transcribe to cDNA using a Reverse Transcriptase (Life technology, Shanghai, China). Real-time PCR was performed using the cDNA as the template, in addition, the SYBR Green PCR Master Mix 
| Western blot
The protein was isolated from cells using RIPA lysis buffer (Keygen Biotech, Jiangsu, China), and the quality was determined using BCA method. The protein with equivalent quantities were separated using 10% SDS-PAGE.
The separated proteins were transferred onto PVDF membrane and incubated with the primary antibodies (anti-PKCζ, 1:500, Abcam, Cambridge, MA; anti-GAPDH, 1:1000, Abcam) at 4°C for 24 h. Then the membrane was washed using PBS and incubated with the secondary antibody at room temperature for 2 h. The protein bands were visualized using Enhanced chemiluminescence Kit (Beyotime, Haimen, China).
| Transfection assay
The miR-148a mimic, miR-148a inhibitor, si-CCAT1, pcDNA- 
| Enzyme-linked immunosorbent assay (ELISA)
The IL-10 of macrophages under different treatments were collected and measured using ELISA kits (Ray Biotech, Atlanta, GA) according to the manufacture's instruction. Briefly, cells were planted in a six-well plate and cultured for 48 h. The cell supernatants were collected to determine the level of cytokine concentration by ELISA. The final results were calculated using standard curve prepared for each assay.
| Cell migration
Transwell chambers (Corning, lnc., New York, NY) with 8-µm inserts were used to measure the migration of tumor cells. macrophages Figure S1B) .
To determine the expression of miR-148a, lncRNA CCAT1, and PKCζ in macrophages of different types, the macrophages were received different treatments to induce the M0, M1, M2, and TAMs. As is presented in Figure 1 , the expression of miR-148a and lowest in M0;
lncRNA CCAT1 was highest in M1, and lowest in TAMs ( Figure 1A ).
The expression of PKCζ was highest in M1, and lowest in TAMs ( Figure 1B ).
| Overexpressed miR-148a promoted macrophage polarization and cancer cells invasion
To explore the effects of miR-148a on macrophage polarization and cell invasion. The overexpressed miR-148a plasmids were transferred into TAMs. The expression of miR-148a was significantly increased (Figure 2A ). The level of IL-10 (the marker of M2 polarization) was also increased in miR-148 overexpression TAMs ( Figure 2B ). In addition, overexpressed miR-148a promoted cell migration ( Figure 2C ).
Next, macrophage RAW264.7 were pretreated with IL-4 (20 ng/ mL), and then transfected with miR-148a mimic. As is presented in Figure 2D , the miR-148a was increased in cells treated with IL-4 + miR148a mimic. The IL-10 and Arg-1 was increased when cells pretreated with IL-4, while cells transfected with miR-148a also significantly increased the level of IL-10 ( Figure 2E) . Additionally, the cell migration was also increased in IL-10 treated group, and miR-148a mimic significantly promoted cell migration ( Figure 2F ). ( Figures 3B and 3C ).
FIGURE 1
The expression of lncRNA CCAT1, miR-148a, and PKCζ in M0, M1, M2, and TAMs. A, the expression of CCAT1, miR-148a, and PKCζ in M0, M1, M2, and TAMs was determined using real-time PCR. B, the expression of CCAT1, miR-148a, and PKCζ in M0, M1, M2, and TAMs was determined using Western blot FIGURE 2 Effects of miR-148a on M2 polarization and cell migration. A and D, the expression of miR-148a was determined using realtime PCR; B and E, the levels of IL-10 and Arg-1 were determined using ELISA; C and F, cell migration was determined using transwell assay ( Figures 3D and 3E ).
| miR-148a targets PKCζ to regulate its expression
To determine the relationship between miR-148a and PKCζ, an online
TargetScan was used to predict the potential target site ( Figure 4A ).
Then cells HEK293 was obtained to transfect with miR-148a mimic and inhibitor, as is presented in Figures 4B and 4C , miR-148a mimic significantly decreased the relative luciferase activity in PKCζ-WT, and also decreased the expression of PKCζ; while miR-148a inhibitor significantly promoted the relative luciferase activity in PKCζ-WT, and promoted the expression of PKCζ. 
FIGURE 3
Effects of CCAT1 and miR-148a on M2 polarization and cell migration. A, the expression of miR-148a was determined using realtime PCR; B and D, the levels of IL-10 and Arg-1 were determined using ELISA; C and E, cell migration was determined using transwell assay 
| DISCUSSION
Immune system plays an important role in human body, and serves as host defense against pathogens. The monocytes, macrophages, dendritic cells, and granulocytes are all the innate immune cells in immune system. 19 The tumor associated immunity is related to the immune cells such as macrophages, dendritic cells, T lymphocytes as well as B lymphocytes. In the TME, the immune cells play an vital role in facilitating cell growth and apoptosis. 20, 21 In the present study, we explored the mechanism of macrophage on PCa. The previous study has reported that two kind subtypes of macrophages, M1 and M2, conduct different role in TME. The M1 macrophages promote the inflammation response, while M2 macrophage suppress the inflammation response. 22 Thus, to effectively promote the M2 polarization seemed to important in TME.
So far, various lncRNA has been reported to involved in the pathogenesis of PCa, such as SNHG7, 23 MIR222HG, 24 PVT1, 25 and HOTAIR. 26 The dysregulated lncRNAs allows us to identify the mechanism clearly, and also provide help for the further PCa therapy.
In our present study, we first focused on the expression of lncRNACCAT1, with the results of that the M1 macrophages had higher expression of CCAT1 rather than that in M2 and M0 macrophages, indicating that CCAT1 might serve as an important biomarker in macrophage polarization.
Many research has focused on the immune system on PCa, thus, the TAMs, which could induce immune tolerance, have been studied widely. It has been reported that the levels of interleukin were changed along with the macrophages polarization. 27 Our present study, revealed that the level of IL-10 was increased in M2 macrophages.
Additionally, the IL-4 stimulation promoted the TAMs polarization to the M2 macrophages. Besides to the interleukin, several miRNA and protein were also changed along with the M2 polarization. In the present study, the PKCζ was increased in M1 macrophages, downregulation of PKCζ promoted the macrophages to M2 polarization. In addition, we found that the expression of PKCζ was regulated by miR148a, the luciferase reporter assay verified that PKCζ is the target gene of miR-148. The previous study has identified that PKCζ could suppress the macrophage polarized to M2, 6 which was accordance with our present study. Furthermore, the expression of CCAT1 was also changed along with the IL-4 stimulation. And the study revealed that CCAT2 knockdown promoted the TAMs polarization to M2 macrophages and further promoted the invasion of PCa cancer cells.
In conclusion, the present study suggested that the lncRNA CCAT1 mediated the TME of PCa by regulating the macrophages polarization. Knockdown of CCAT1 promoted macrophages
FIGURE 4
The relationship between miR-148a and PKCζ. A, online prediction revealed that miR-148a could bind with PKCζ 3′UTR. B, luciferase reporter assay was performed to determine the relationship between miR-148a and PKCζ; C, Western blot was carried out to examine the level of PKCζ. [Color figure can be viewed at wileyonlinelibrary.com]
FIGURE 5
Effects of miR-148a and PKCζ on M2 polarization and cell migration. A, the mRNA expression of PKCζ was determined using real-time PCR. B and C, the mRNA expression of Arg-1 was determined using real-time PCR, while the level of IL-10 was determined using ELISA. C, cell migration was determined using transwell assay
FIGURE 6
To verify the role of CCAT1 and miR-148a in vivo. A, the weight of the Tumor; B, the expression of miR-148a; C, the protein expression of PKCζ
